Thyme is used worldwide both as a spice and crude drug. In addition, nowadays in the food industry it has increasing significance as a natural antioxidant. Volatile aromatic compounds of thyme have been thoroughly characterized; however, the non-volatile compounds may also contribute to the organoleptic quality and antioxidant properties. The aim of this work is to determine the phenolic acids and to profile the flavonoid compounds in the aqueous extract of two chemotypes of Thymus vulgaris L. Experiments were carried out using high performance liquid chromatography-electrospray ionization-tandem mass spectrometry (HPLC-ESI-MS/MS). Predefined phenolic acids were quantified in untreated and alkaline hydrolyzed aqueous extracts. Flavonoid derivatives were qualitatively analyzed by a non-targeted screening method. Our results showed that among the phenolic acids rosmarinic acid was the main component (882-1677 μg g -1 fresh weight) and in the thymol-type samples the amount of syringic acid and rosmarinic acid was predominantly higher compared with the non-thymol type sample. Apigenin and luteolin were the major flavonoids in the extracts, which were present in the form of hexopyranuronic acid conjugates.
Medicinal and aromatic plants are used in many areas, including medicine, nutrition, flavoring, dyeing and in cosmetics. [1] Members of the Lamiaceae family have drawn increasing interest among the aromatic herbs due to growing consumer demands as a culinary herb in the Mediterranean region. [2] [3] [4] In the Laminaceae, Thymus vulgaris L. (garden thyme), from an aromatic point of view, is indeed the most important species and is widely used as a natural food preservative and medicinal plant. Essential oil components are responsible for the typical spicy aroma of garden thyme. [2] These volatile compounds and their effect were examined in several studies. [5] [6] [7] [8] [9] [10] . Besides being an aromatic herb, garden thyme has been described to have medicinal properties and a beneficial impact on health, e.g., digestive stimulation action, anti-inflammatory, antimicrobial, hypolipidemic, antimutagenic, and antithrombotic effects, and with anticarcinogenic potential. [11] [12] [13] [14] Its extracts are also used orally to treat dyspepsia and other gastrointestinal disturbances, cough, bronchitis, and laryngitis, but it is also used in the treatment of minor wounds and in oral hygiene [15] . Furthermore, crude extracts of herbs and spices, and other plant materials rich in phenolic compounds (such as thyme), have drawn increasing interest in the food industry because they retard oxidative degradation of lipids and, thereby, improve the quality and nutritional value of food. [16] As a food additive, for example in sunflower seed oil, it helped to improve its thermal resistance and stability by controlling lipid oxidation during food processing. [17] [18] . As illustrated above, many beneficial effects of thyme are not unambiguously related to the essential oils. Several reports have described that common thyme is rich in many water soluble compounds, such as flavonoids and phenolic acids [19] [20] .
In this study, different phenolic acids and flavonoid components were analyzed in the aqueous extracts of oven-dried samples (dried at 40ºC) of Thymus vulgaris cultivated in Hungary. In the experiments, two populations characterized by different chemotypes (containing thymol and α-terpinyl acetate as main volatile compounds) of garden thyme were compared. Experiments were carried out using high performance liquid chromatographyelectrospray ionization-tandem mass spectrometry (HPLC-ESI-MS/MS). Predefined phenolic acids were quantified in untreated and alkaline hydrolyzed aqueous extracts. Flavonoid derivatives were qualitatively analyzed by a non-targeted screening method.
Phenolic acids:
In the case of phenolic acids, based on literature data and preliminary experiments, the following components were analyzed: p-coumaric acid, caffeic acid, ferulic acid, syringinic acid, sinapic acid, rosmarinic acid and chlorogenic acid. The formulae of these compounds are outlined in Figure 1 .
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R4 R5 Analyses were carried out after two different types of sample preparation in order to investigate the ratio of the conjugated and non-conjugated phenolic acids present in the aqueous extract. The first was a simple dilution of the aqueous extract, but the second included an alkaline hydrolysis step. The aqueous, non-hydrolyzed extract represents the amounts of unconjugated phenolic acids, while concentrations measured in the hydrolyzed extracts indicate the total amount of conjugated and unconjugated phenolic acids present in the aqueous extract. The results given in Figure 2 show that among the analyzed phenolic acids rosmarinic acid was the main component (882 -1677 μg g -1 fresh weight ) in both chemotypes (thymol-type and non-thymol-type) of the studied T. vulgaris samples, but they also contained significant amounts of caffeic-, chlorogenic-, pcoumaric-, ferulic-and syringic acids too ( Figure 2 ).
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Based on the analysis of the alkaline hydrolyzed aqueous extracts it was established that the majority of ferulic-, syringic-and pcoumaric acids were present in conjugated forms. In hydrolyzed samples, ferulic acid was the main component (61-74 μg g -1 fresh weight), but p-coumaric acid, caffeic acid, and syringinic acid were also present.
Neither conjugated nor unconjugated sinapic acid was detected in any of the samples. As can be seen in Figure 2 , rosmarinic and chlorogenic acids disappeared after hydrolysis. This can be explained by the degradation of these complex molecules during alkaline hydrolysis. Chlorogenic acid is hydrolyzed to quinic acid and caffeic acid, while rosmarinic acid is hydrolyzed to 3,4dihydroxyphenyl-lactic acid and caffeic acid.
Accordingly, caffeic acid should have appeared in the hydrolyzed samples at higher concentrations, but the amount was almost the same in both cases (see Figure 2 ). It means that the resulting caffeic acid was also degraded under these alkaline conditions. This degradation phenomenon was also confirmed with rosmarinic acid and chlorogenic acid standards subjected to our alkaline hydrolysis procedure (data nor shown). In accordance with our results, similar findings were reported also in other studies [20] [21] . For instance, Krygier et al. [21] reported a 67% loss of caffeic acid. However, in the same paper, they also claimed that for a range of hydroxycinnamic acids the loss was estimated not to exceed 10% of the initial values (o-coumaric, p-coumaric, isoferulic, ferulic acids; 4 N NaOH, 4 h under nitrogen) [22] . These findings are in accordance with our results regarding the observed amounts of other phenolic acids analyzed after hydrolyzed sample preparation. Finally, it can be concluded that in the thymol-type samples the amount of syringic acid and rosmarinic acid was predominantly higher than that of the non-thymol type sample.
Flavonoids: For flavonoid analysis, an HPLC-ESI-MS/MS method was applied, which was designed for screening and identification of non-targeted flavonoid derivatives of selected flavonoid aglycones [23] . In this method, eleven aglycones (apigenin, luteolin, myricetin, naringenin, quercetin, myricetin, hesperetin, fisetin, daidzein, genistein, and kaempferol) were monitored. The MS screening method consists of two mass spectrometric experiments. The first is a multiple reaction monitoring (MRM) scan of aglycone cores, where two characteristic fragments of the aglycone part were chosen for qualitative and quantitative identification. This step is performed to define the number of derivatives relating to one selected aglycone. In order to produce 'input' to the MRM scan the aglycone part of the flavonoid derivative should be provided as an individual subunit having the appropriate mass that was set in the MRM method as the precursor mass. For that purpose, the aglycone tags were provided as in-source fragments of the original derivatives [23] [24] . With this experiment, three aglycone types of the analyzed eleven provided positive hits, namely naringenin, luteolin and apigenin. Afterwards, derivatives of the found three aglycones were individually analyzed in the next MS experiment. The aim of this experiment was to obtain information about the original flavonoid conjugate. In this method, a precursor ion scan was performed in order to find the intact compound, from which the selected aglycone core was cleaved. An example is given in Figure  3 showing the results of screening of the example of apigenin and luteolin. In the case of apigenin one major derivative was found at a retention time of 29.2 minutes. Based on the precursor scan it could be concluded that the mass of the found apigenin derivative is m/z = 445. The mass difference between the aglycone and the derivative is 176 u, which corresponds to a hexopyranuronic acid loss. Thus this compound could be tentatively identified as apigeninhexopyranuronic acid, supposedly a glucuronic acid derivative. The same identification procedure was applied in the case of luteolin, the other major flavonoid compound found in the samples. The major derivative of luteolin was detected with a retention time of Figure 3 ). The mass difference between the aglycone and the derivative (m/z 461) is 176 u (the same as in the case of apigenin) and thus it was also tentatively identified as a hexopyranuronic acid derivative. The identification of the other two minor compounds of luteolin (25.9 and 35.5 min), along with another derivative of naringenin, was studied with the same protocol and the results are summarized in Table 1 . As can be seen in Table 1 , in the case of the compound eluted at 35.5 minutes the precursor ion was found at m/z 609 and there were no other characteristic fragments in the spectrum (e.g. m/z 447, which could indicate hexosyl loss). Based on this relatively high mass, it can be assumed that a more complex subunit (diglycoside part or acylated monoglycoside) was cleaved from the luteolin aglycone. Typically, if an acylated saccharid bonds to a flavonoid aglycone, this part is cleaved as one subunit [24] . Therefore, the luteolin derivative at 25.9 minutes could be a combination (hexoside m/z 162 and caffeic acid m/z 162). Nevertheless, for this component, the identification is not unambiguous.
Experimental
Plant material: Plant material consisted of the progenies of a wellknown garden thyme cultivar 'Deutscher Winter' and a selected population cultivated in the Kalocsa region, Hungary. All of them were cultivated, propagated from seed. 
Sample preparation:
Aqueous extracts were prepared according to the Pharmacopoeia Hungarica (8 th edition, 2004). Briefly, the powdered drug (1 g) was infused with 100 mL boiling distilled water (~ 100°C) and allowed to stand for 24 h. Then the extracts were filtered (filter paper; 8-12 μm) and stored in a freezer until analysis. Alkaline hydrolysis of the aqueous extracts was based on the work of Lin and Harnly [25] . Briefly, 1 mL aqueous extract was diluted with 1 ml 2M NaOH and the solution mixed for 16 h with a magnetic stirrer. After the alkaline treatment, the pH of the solution was adjusted to 2 by adding 0.5 mL 1:1 diluted HCl. In the nonhydrolyzed sample preparation, 1.5 mL 0.1 %, v/v, formic acid in water was added to 1 mL sample extract in order to reach the same dilution. Finally, both solutions were filtered through 0.45-μm nylon membranes before HPLC analysis.
Instrumental: Experiments were carried out with an Agilent (Agilent Technologies, Waldbronn, Germany) 1200 HPLC system coupled to an Applied Biosystems (Foster City, CA, USA) 3200 Q-Trap hybrid triple quadrupole/linear ion trap MS/MS instrument equipped with a Turbo-V ESI ion source that was used in the negative ionization mode.
Chromatography: For chromatographic analysis a 2.1 mm50 mm Agilent Zorbax Rapid Resolution C18 column with 1.8-μm particle size was used. The column was protected with an inline filter. For elution 0.1%, v/v, formic acid in water (eluent A) and 0.1% formic acid in acetonitrile (eluent B) were used as solvents at a flow rate of 400 μL min -1 . The gradient program started at 2% B and after 2 min of isocratic run solvent B was increasing linearly to 30% in 9 min. For the twentieth min it reached 99%, and this composition was kept constant for 2 min. Finally, solvent B was set back to the initial solvent composition in 1 min and the column was equilibrated for 6 min.
